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© Toroidal core electromagnetic device. 

© An electromagnetic apparatus is provided with a magne- 
tic core and a segmented electrical winding. The core has an 
enclosed trunk defining a central opening. At least three coil 
sections of the electrical winding encircle the trunk and are 
clrcumforentially spaced about the periphery of the core. 
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DESCRIPTION 
TOROIDAL CORE ELECTROMAGNETIC DEVICE 
This application is a continuation-in-part 
of my copending application Serial No. 334,751, filed 
December 12, 1981, for Toroidal Core Electromagnetic 
Device* 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 
This invention relates to electromagnetic 
apparatus for use in electrical induction devices such 
as inductors, transformers, motors, generators and the 
10 like. 

Description of the Prior Art 
In the manufacture of shell-type transformers, 
the primary and secondary windings are formed into a 
common ring having a central opening or window. Two 

15 or more rings of magnetic core material are cut open, 

threaded through the winding window and closed, so that 
the rings of core material are distributed about the 
periphery of and encircle the windings. One of the 
problems with shell-type transformers is the difficulty 

20 of cutting and shaping the core material without degrad- 
ing its magnetic properties. To overcome this problem, 
coretype transformers have been proposed wherein the 
core is formed into a ring, which is encircled by two or 
more groups of primary and secondary windings distri- 

25 buted around the periphery of the ring. Such core-type 
transformers are bulky and inefficient in terms of 
material utilization. Moreover, in transformers of the 
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types described above, heat developed by the windings 
and core during operation oftentimes results in a 
temperature rise of more than 50°C, increasing the 
deterioration rate of solid insulating materials in 
the core and windings as well as the liquid coolant in 
which the transformer is immersed. For these reasons, 
transformers of the type described generally result in 
higher purchase and maintenance costs and lower operat- 
ing efficiencies than are considered desirable. 

Summary of the Invention 
The present invention provides an electro- 
magnetic apparatus that is lighter, more compact, easier 
to build and far more efficient and reliable in opera- 
tion than previous transformers of the shell or core 
type. Generally stated, the apparatus includes a mag- 
netic core having an enclosed trunk defining a central 
opening, and a primary winding having at 3 east three 
primary coil sections encircling the trunk and circum- 
ferentially spaced about the periphery of the core. 

In addition, the invention provides a method 
for making an electromagnetic apparatus comprising the 
steps of winding a plurality of layers of magnetically 
permeable material to form a magnetic core having an 
enclosed trunk defining a central opening; winding a 
plurality of layers of electrically conductive material 
on said core, the layers passing through the central 
opening and encircling the trunk to form thereon a 
primary coil section; and winding at least a second and 
a third primary coil section on the core, each primary 
coil section being formed of a plurality of layers of 
electrically conductive material passed through the 
central opening to encircle the trunk, and being 
circumferentially spaced about the periphery of the 
core. 

Further, the invention provides an electro- 
magnetic apparatus having a segmented secondary 
winding. The segmented secondary winding includes a 
plurality of cleft links that encircle the coil and 
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the primary coil sections and are interconnected to 
provide a spiral current path. Each of the cleft links 
has a portion passing through the central opening of 
the coil and is circumferentially spaced about the 
5 periphery thereof. 

The apparatus of this invention has signifi- 
cant structural features. Less material is required by 
the toroidal core for a given power capacity. The 

magnetizing current is reduced, since the core has no 

* 

10 air gap. A toroidal core is readily wound from strip 
material , and particularly adapted to utilize amorphous 
metal strip. The cleft links are readily manufactured 
or cast and press fit during assembly to form an outer 
shell that strengthens the apparatus and protects the 

15 core and windings within. Sectionialized arrangement of 
the primary and secondary coils improves heat 
dissipation, reducing temperature rise. As a result, 
the electromagnetic apparatus of the present invention 
has lower size, weight, and cost and higher operating 

20 efficiency and reliability than previous electro- 
magnetic devices. 

Brief Description of the Drawings 
The invention will be more fully understood 
and further advantages will become apparent when refer- 

25 ence is made to the following detailed description of 
the preferred embodiments of the invention and the 
accompanying drawings, in which: 

Fig. 1 is an isometric view of an electro- 
magnetic device, portions broken away for illustrative 

30 purposes, according to the teachings of the present 
invention? 

Fig. 2 is a cross-sectional view taken through 
the trunk of the electromagnetic device of Fig. 1; 

Fig. 3 is a perspective view of windings 
35 removed from the electromagnetic device of Fig. 1 and 
stretched apart for illustrative purposes; 

Fig. 4 is a partial schematic illustration 
of the secondary winding of the electromagnetic device 
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of Fig, 1? 

Fig. 5 is a schematic illustration of the 
secondary winding of the electromagnetic device of 
Fig. 1? 

Fig. 6 is a perspective view of one of the 
primary coils of the electromagnetic device of Fig. 1? 

Fig. 7 is a schematic illustration of the 
interconnection of primary coils of the electromagnetic 

device of Fig. 1; 

Fig. 8 is a sjlde view of another cleft link 
and jumper which is an alternate to those shown in 
Fig. 3; 

Fig. 9 is a front view of the finished trans- 
former; and 

Fig. 10 is a schemtic electrical diagram of 
a segmented secondary having a plurality of sections 
each of which is comprised of a plurality of layers of 
strip material. 

Description of the Preferred Embodiment 
Referring to Figs. 1 and 2, there is 
illustrated an electromagnetic apparatus adapted to 
operate as a transformer having a 25 KVA rating 
although, obviously, other ratings are contemplated. 
Magnetic core 10 has a plurality of stacked toroids 12. 
Each of the toroids 12 are formed of coiled, 
magnetically permeable, strip material. In the 
embodiment shown, seven stacked toroids 12. are employed, 
each having a height of approximately one inch and an 
inside diameter of 8.6 inches (21.84 cm) and an outside 
diameter of 14.3 inches (36.32 cm). It will be 
appreciated, however, that the number of toroids stacked 
and their respective height and diameters can be 
altered, depending upon the required efficiency, volume, 
requirements to reduce eddy currents, power ratings, 
frequency, etc. Toroids 12 are separated from each 
other by annular insulators 14 which may be formed of 
any suitable insulating material such as thermosetting 
or thermoplastic material, glass cloth, fiberglass, 
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polycarbonates, MICA r CAPSTAN, LEXAN, fish paper and the 

like, having the required flexibility, dielectric 

strength, toughness and stability at the designed 

operating temperature of the magnetic core, normally in 

the vicinity of 130°C. Insulating layers 14 are in the 

form of a flexible film having a thickness of about 

-3 

1/2 mil (1.27 x 10 MM) and inside and outside diameters 
substantiaally matching that of the toroids 12. It will 
be appreciated that the insulating layers 14 need not be 
continuous but may be in the form of spaced elements, if 
desired. Also, the insulating layers may, instead of 
being separate, be deposited by spraying, painting, etc. 
Moreover, the core 10 can have a configuration other 
than toroidal, for example, an oval, rectangular, square . 
or the like configuration, and a molded rather than 
wound construction. A similar insulating wrapping 16 is 
shown herein surrounding core 10 on all external sides, 
wrapping it in an insulating cocoon. 

The coiled strip material of toroids 12 is 
composed of magnetically soft- material. Such material 
desirably has the following combination of properties: 
(a) low hysteresis loss; (b) low eddy current loss; 
(c) low coercive force; (d) high magnetic permeability; 
(e) high saturation value; and (f) minimum change in 
permeability with temperature. Conventionally employed 
magnetically soft material in strip form, such as high- 
purity iron, silicon steels, iron/nickel alloys, iron/ 
cobalt alloys and the like, are all suitable for use in 
the practice of the present invention. Particularly 
suitable, however, is strip material of amorphous 
(glassy) magnetic alloys which have recently become 
available. Such alloys are at least about 50% 
amorphous, as determined by x-ray diffraction. Such 
alloys include those having the formula 

* M 60-90 T 0-15 X 10-25^' where * n M is at least one of the 
elements iron, cobalt and nickel, T is at least one 
of the transition metal elements, and X is at least 
one of the metalloid elements of phosphorus, boron and 
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carbon. Dp to 80 percent of the carbon, phosphorus and/ 
or boron in X may be replaced by aluminum/ antimony, 
beryllium, germanium, indium, silicon and tin* Used 
as cores of magnetic devices, such amorphous metal 

5 alloys evidence generally superior properties as 
compared to the conventional polycrystalline metal 
alloys commonly utilized. Preferably, strips of such 
amorphous alloys are at least about 80% amorphous, 
more preferably yet, at least about 95% amorphous. 

10 The amorphous magnetic alloys of core 10 are 

preferably formed by cooling a melt at a rate of about 
10 5 to 10 6 °C/sec. A variety of well-known techniques 
are available for fabricating rapid-quenched continuous 
strip. When used in magnetic cores for electromagnetic 

15 induction devices, the strip material of core 10 typi- 
cally has the form of wire or ribbon. This strip 
material is conveniently prepared by casting molten 
material directly onto a chill surface or into a quench- 
ing medium of some sort. Such processing techniques 

20 considerably reduce the cost of fabrication, since no 
intermediate wire-drawing or ribbon- forming procedures 
are required. 

The amorphous metal alloys of which core 10 
is preferably composed evidence high tensile strength, 

25 typically about 200,000 to 600,000 psi (1.38 x 10 6 - 
4.14 x 10^ kPa) , depending on the particular composi- 
tion. This is to be compared with polycrystalline 
alloys , which are used , in the annealed condition an& 
which usually range from about 40,000 to 80,000 psi 

30 (2,76 x 10 6 - 5.52 x 10 6 kPa). A high tensile strength 
is an important consideration in applications where high 
centrifugal forces are present, such as experienced by 
cores in motors and generators, since higher strength 
alloys allow higher rotational speeds. 

35 In addition, the amorphous metal alloys used 

to form core 10 evidence a high electrical resistivity, 
ranging from about 160 to 180 microhm-cm (1.6 to 1.8 
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microhm meters) at 25°C, depending on the particular 
composition. Typical prior art materials have 
resistivities of about 45 to 160 microhm-cm (.45 to 
1,60 microhm meters). The high resistivity possessed by 
the amorphous metal alloys defined above is useful in AC 
applications for minimizing eddy current losses, which 
in turn, are a factor in reducing core loss. 

A further advantage of using amorphous metal 
alloys to form core 10 is that lower coercive forces are 
obtained than with prior art compositions of substan- 
tially the same metallic content, thereby permitting 
more iron, which is relatively inexpensive, to be 
utilized in core 10, as compared with a greater propor- 
tion of nickel, which is more expensive • 

* Each of the toroids 12 may be formed by 
windingt successive turns onto a mandrel (not shown), 
keeping the strip material under tension to effect a 
tight formation. The number of turns is chosen de- 
pending upon the desired size of each toroid 12. 
The thickness of the strip material of toroids 12 

is preferably in the range of 1 to 2 mils (2.54 x 

— 2 — 2 

10 to 5.08 x 10 mm). Due to the relatively high 

tensile strength of the amorphous alloy used herein, 

strip material having thickness of 1-2 mils 

-2 -2 
(2.54 x 10 to 5.08 x 10 mm) can be used without fear 

of breakage. It will be appreciated that keeping the 

strip material relatively thin increases the effective 

resistivity since there are many boundaries per unit of 

radial length which eddy currents must pass through. 

A primary winding is shown herein as having at 

least 3 primary coil sections 18 encircling the trunk of 

core 10 and circumferentially spaced about the periphery 

thereof. The illustrated embodiment contains eighteen 

coils 18, formed of 84 turns of insulated strip aluminum 

approximately one inch wide (2.54 cm) and 0.005 inch 
(0.013 cm) thick. This arrangement provides a 6,000 
volt primary, although other ratings are contemplated. 
The number of primary coil sections 18 employed can vary 
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depending on the inside diameter of coil 10 the width 
and thickness of strip material used in the soil 
sections, the number of turns per section and the 
desired spacing between sections. Preferably, the 
5 number of primary coil sections ranges from about 10 to 
30, and more preferably from about 16 to 20- Moreover, 
coil 18 may vary dimensionally or may employ a round, 
square or other cross-section depending upon the voltage 
and power rating, available space, etc. 

10 Annular spacers 20 and 21, shown on either 

side of coils 18, may be formed of any suitable insu- 
lating material having mechanical and dielectric 
strength sufficient to withstand the transformer en- 
vironment. Phenolic or materials described in connec- 

15 tion with insulating layer 14 may be used in spacers 

20 and 21. Each of the inside and outside diameters of 
annular spacers 20 and 21 is sufficient to completely 
overlay coils 18. Disposed adjacent to spacers 20 and 

21 are eighteen ribs 23. As illustrated hereinafter, 
20 annular spacers 20 and 21 are identical and have a 

series of angularly spaced notches on the inside and 
outside perimeter for aligning secondary windings as 
described in more detail hereinafater. It will be 
understood that the electromagnetic apparatus of the 

25 invention can be used as an inductance r without a 
secondary windings or as a transformer or other 
electromagnetic device that utilizes secondary windings. 

In accordance with the present invention, the 
electromagnetic apparatus has a segmented secondary 

30 winding shown herein as a plurality of turns of inner 
conductors 22 and outer conductors 24. The conductors 

22 and 24 are separated by annular spacers 26 and 27 on 
either side of conductors 22. Annular spacers 26 

and 27 may be formed of an insulating material similar 
35 to that of spacers 20 and 21 and have an inside and 
outside diameter sized to fit the space within 
conductors 24. Conductors 22 and 24 form spiral or 
helical windings, one terminal of conductors 24 being 
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shown as lead 28* 

Referring to Fig. 3, there is shown a 
perspective view of a portion of conductors 22 and 24. 
As illustrated, the conductors 22 and 24 are removed 
5 from their magnetic core and stretched apart to reveal 
internal details. Conductors 22 and 24 are made of 
aluminum and provide a spiral current path. This 
current path is formed from a cleft link shown herein 
as a U-shaped member comprising bottom piece 30, first 
10 leg 32 and second leg 34. Legs 32 and 34 are 1/2 inch 
(1.27 cm) in diameter and bottom piece 30 has a 
rectangular crosssection one inch (2.54 cm) high and 1/2 
inch (1.27 cm) wide, although these shapes and the net 
cross-sectional areas can vary according to the current 
15 rating. The circuit of conductors 22 is effected by 

jumpers 36 which connect between legs 32 and 34. Legs 
32 and 34 have both ends tapered and sized to force fit 
into tapered holes 37 at the ends of elements 30 and 36. 
Preferably, each of the ends of legs 32, 34 and holes 37 
20 have substantially the same angle of taper, whereby the 
contact area and contact pressure of the mating surfaces 
thereof are maximized. These joints can be splined or 
serrated to improve electrical conductivity and 
mechanical rigidity. 
25 Conductor 24 is formed of a cleft link 

comprising bottom piece 42, first leg 44 and second 
leg 46, each having the same cross-sectional dimensions 
as elements 30, 32, 34, respectively, but having dif- 
ferent lengths. The lengths are chosen to allow a 
30 snug fit for conductors 22 around spacers 20 and 21 and 
for conductors 24 around spacers 26 and 27. In this 
embodiment, bottom pieces 30 and 42 will be aligned 
radially and are therefore shorter than their counter- 
parts, jumpers 36 and 40, respectively. 
3 5 It will be observed that the connection 

between conductors 22 and 24 is made by vertical rod 38, 
which is of length intermediate that of legs 34 and 46. 
The length brings the upper end of rod 38 even with 
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legs 46 of conductors 24 , allowing conductors 24 to 
fit around the beginning {not shown this view) of 
conductors 22 and form a nested structure. It will be 
noted that legs 46 can be sheathed by an insulating 
sleeve 48 to prevent shorting between adjacent turns of 
conductors 24. 

In Figs. 4 and 5, there is illustrated 
schematically, the secondary winding of Pig. 3. 
Fig. 4 depicts spacer 20 (and the underlying spacer 21 
hidden from view), as having a plurality of evenly 
and angularly spaced notches, including inner notches 50 
and outer notches 52. Second legs 34 lie along 
inner perimeter 54 , while second legs 46 lie inner- 
most along perimeter 56. The upper jumpers 36 and 40, 
shown in full, and the lower pieces 30 and 42, shown 
in phantom, effect the previously described connections. 
The foregoing structure can be more "readily understood 
with reference to Fig. 5, which shows, schematically, 
the inner or primary conductors 22 spiraling around core 
10 and connecting to output terminals 60 and 61. The 
outer or secondary conductors 24 also spiral around core 
10 and connect to terminals 62 and 63 and center tap 64. 

This spiraling of the secondary conductors 24 
is depicted by the schematic of Fig. 4. For example, 
the spiraling of conductors 22 is accomplished by leg 
34a which descends and connects to outwardly extending 
piece 30a and thence to leg 32a and jumper 36a. Jumper 
36a connects to the next succeeding link, that is, leg 
34b. This describes one complete turn which, in this 
fashion, proceeds and envelops the entire core. The 
spiraling of outer conductors 24 may be understood by 
considering inner leg 46a which connects to a bottom 
piece 42a and thence to outer leg 44a. Jumper 40a next 
connects across to a succeeding leg 46b. The foregoing 
describes one complete turn which can proceed to again 
envelope the core and windings 22. 

Inner legs 46 touch each other and inner 
legs 34. The latter fit into the junctures between 
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adjacent ones of legs 46. However , legs 34 are spaced 
and legs 46 have insulating sleeves so there is no short 
circuiting of turns. 

The foregoing secondary has split windings 22 
and 24/ each having 26 turns, and each designed to 
produce 120 volts at 60 Hertz (240 volts total). Of 
course, other output voltages and frequencies are pos- 
sible. It is contemplated that items 30, 32 and 34, as 
well as items 38, 42 and 44, * will be pre-assembled; and 
items 30, 32 and 34 will be fitted into corresponding 
notches 50 and 52. Subsequently, jumpers 36 can be 
placed across the appropriate pair of legs 32 and 34 and 
individually or simultaneously pressed into place. 
Thereafter, elements 38, 42 and 44 can be fitted into or 
near notches 50 and 52, and jumpers 40 may be positioned 
across the appropriate legs 44 and 46 and then individu- 
ally or simultaneously pressed into position. 

Alternatively, as shown in Fig. 10/ the seg- 
mented secondary can be comprised of a plurality of 
sections of wound ribbon connected in a series parallel 
manner. In general, the number of sections ranges from 
10 to 30, the number of turns of ribbon used in each 
section ranges from 10 to 100, the ribbon width ranges 
from ,5 to 3 cni and the ribbon thickness ranges from 
.025 to 2 cm. The embodiment shown in Fig. 10 has 20 
sections of 28 turns, each wound with 1/2 M (1.27 cm) 
wide, .040" (0.1016 cm) thick ribbon. Twenty sections 
of the ribbon are connected in series parallel, as shown 
in Fig. 10. In the embodiment of Fig. 10, there are 10 
sections in parallel for a cross-section area of .2" 
(0.508 cm). 

Referring to Figs. 6 and 7, the primary coils 
of the transformer of Fig. 1 are illustrated. In Fig. 
6, an individual coil 18 is shown consisting of an split 
bobbin 70 onto which aluminum strip 72 is wound. Use of 
bobbin 70 is optional, since individual coil 18 can be 
self supporting. Strip 72 has an insulating layer 74 
which prevents shorting between adjacent turns. Connec- 
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tion to the coil 18 is made through inner end 76 and 
outer end 78 of strip 72. The bobbin is essentially a 
channel-like member following a rectangular track and 
having a center hole sized to fit about the core (core 
10 of Fig. 1) • m this embodiment, eighteen coils are 
used, each having eighty- four turns of strip material 
72. Accordingly, for a 6,000 volt primary, each of the 
coils 18 will have a voltage drop of about 333 volts, a 
modest value. However, the potential difference between 
the beginning and ending coil is 6,000 volts and pre- 
sents design limitations if adjacent. It is preferred, 
therefore, that the coils 18 be wired inconsecutively 
and grouped as illustrated in Fig. 7. As shown herein, 
coils 18 are grouped into four quadrants 80, 82, 84 and 
86, positioned in that order, the coils in each quadrant 
being serially connected so they combine their voltages 
constructively. The coils 18 of quadrant 80 are con- 
nected between terminal 88 and lead 90. The coils of 
quadrant 86 connect between 90 and 92. The coils 18 of 
quadrant 84 connect between leads 92 and 94. Coils 18 
of quadrant 82 are connected between leads 94 and ter- 
minal 96. All of the foregoing connections produce con- 
structive combinations of the voltages of each quadrant. 
Significantly, the highest potential distance between 
the terminals of coils 18 exists between terminals 96 
and 86, but these terminals are spaced by about 180 
degrees. Accordingly, there is not an excessive 
electric field tending to cause a dielectric breakdown. 
Moreover, since the individual coils 18 have eighty-four 
turns over which 333 volts are dropped, the interlayer 
potential between each turn of coil 18 is only about 
four volts. This modest potential difference is easily 
accommodated by the insulating layer 74. In embodiments 
where coils 18 are composed of conventional layers of 
many turns of insulated wire, the potential difference 
between successive layers would be relatively higher. 

The electromagnetic apparatus described above 
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is a power distribution transormer having a load loss of 
240 watts at a 25 KVA capacity and weighing a total of 
360 lbs. (163.3 kg) including case and oil. With an 
amorphous alloy core weighing 165 lbs. (74.8 kg) and 
operating at 13.5 kilogauss, the transformer has a core 
loss of only 16 watts. A distribution transformer of 
the same capacity and load loss using prior art 
cruciform design of the same amorphous alloy at the same? 
flux density would weigh a total of 720 lbs. (326.5 kg). 
The core would weigh 260 lbs (117.9 kg) and would have 
a loss of 38 watts. Conventional 25 KVA transformers in 
current use have silicon- iron cores operating at 16 to 
17 kilogauss and have load losses of 300 to 500 watts 
and core losses of 90 to 113 watts. With power 
companies willing to pay a bonus for lower core losses, 
and to a lesser extent for lower load losses, the most 
recent 25 KVA design using the best grain oriented 
silicon-iron core weighs 400 lbs (181.44 kg) and has 
core loss of 87 watts and a load loss of 250 watts. It 
is evident from the foregoing that a transformer 
constructed in accordance with the present invention 
would have the highest loss bonus and the lowest 
material contents. 

Referring to Fig. 8, an alternate link and 
jumper is shown as link 100 and jumper 102. Link 100 
is a circular rod formed into a U-shaped member having 
right angle bends. Its tips 104 and 106 have inwardly 
directed teeth or serrations. Tips 104 and 106 are 
sized to fit holes 108 and 110, respectively, in jumper 
102. Jumper 102 is a U-shaped bracket which may, in 
some embodiments, be formed of hollow tubes but is, in 
this embodiment, solid at its midsection. Jumpers 102 
can replace jumpers 36 or 40 (with the appropriate 
dimensional adjustment) of Fig. 3. Link 100 can replace 
the links composed of elements 30, 32 and 34 and the 
links composed of elements 42, 44 and 46 (with the 
appropriate dimensional adjustments). It will be 
appreciated that in other embodiments, the connection 
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between link 100 and jumper 102 can be effected with 
any approppriate fastener, including nuts and bolts. 
Referring to Fig. 9, a finished product is 
illustrated, the transformer of Fig, 1 being illustrated 
5 in phantom as assembly 112, It will be appreciated that 
since the assembly 112 has effectively a strong metal 
exoskeleton, (conductors 22 and 24 of Fig. 1), it is 
therefore highly resistant to shock. Assembly 112 may 
rest on any appropriate platform or on struts, which 

10 leave the bottom of assembly 112 open for cooling 

purposes. Assembly 112 is shown mounted within shell 
114 which may be filled with a cooling medium, such as 
oil. Since transformer 112 is a relatively open 
structure exposing much of core 10, cooling is greatly 

15 facilitated. In particular, there are significant 

spaces between coils 18 (Fig. 1), so that oil can pass 
through conductors 22 and 24 and intimately contact core 
10. A high voltage primary connection is made through 
terminals 118 and 120 mounted atop high voltage 

20 insulating standoffs 122 and 124, respectively. Stand- 
offs 122 and 124 are mounted on cover 128 and provide 
through internal conductors (not shown) continuity to 
transformer 112. Cover 128 seals shell 114 and prevents 
leakage of its oil. Secondary connections are shown 

25 herein as output terminals 130 and 132 and 134, which 
correspond to terminals 62, 64 and 60 of Fig. 5. It 
will be noted that the overall height of the assembly of 
Fig. 9 is relatively small due to the toroidal 
construction of the transformer. Lightning arresters 

30 136 and 138 can bypass dangerous over-voltages from 
terminals 118 and 120 to the shell 114, which is 
grounded. 

It is to be appreciated that various modi- 
fications may be implemented with respect to the 
35 above-described preferred embodiments. The current and 
voltage rating may be altered by changing the size and 
the number of turns of the conductors in the windings. 
A variety of containers may be used to house the 
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transformer. The sequence for connecting primary 
windings may be changed , especially for low voltage 
applications. While oil coolants are mentioned in 
some embodiments, different liquid and gaseous coolants 
5 may be substituted. The primary is shown enveloped by 
the secondary; but this arrangement of the windings 
may be reversed in other embodiments. Moreover, the 
function of primary and secondary may be reversed. The 
various fixtures shown for supporting and insulating the 

10 windings may be reshaped and made of alternate materials 
depending upon the desired dielectric strength, weight 
and structural integrity thereof. Although aluminum 
conductors are described herein, alternate conducting 
materials may be employed depending upon the weight, 

15 resistivity and other requirements. 

Having thus described the invention in rather 
full detail, it will be understood that these details 
need not be strictly adhered to but that various changes 
or modifications may suggest themselves to one skilled 

20 in the art, all falling within the scope of the inven- 
tion as defined by the subjoined claims. 
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What is claimed is: 

1. An electromagnetic apparatus comprising: 

(a) a magnetic core having an enclosed trunk 
defining a central opening; and 

(b) a primary winding having at least three 
primary coil sections encircling said trunk and circum- 
ferentially spaced about the periphery of said core, 

2. An electromagnetic apparatus as recited 
in claim 1 , wherein said, core has a toroidal configura- 
tion. 

3. An electromagnetic apparatus as recited 
in claim 2, wherein the number of said primary coil 
sections ranges from 10 to 30. 

4. An electromagnetic apparatus as recited 
in claim 2, wherein said magnetic core has a plurality 
of layers of insulated magnetically permeable strip 
materials 

5. An electromagnetic device according to 
claim 1, wherein said magnetically permeable strip 
material is composed of a metal alloy that is at least 
50 percent amorphous and has a composition defined by 
the formula M go _ go T fl _ 15 X 10 _ 2 5' wherein M is at least 
one of the elements iron, cobalt and nickel, T is at 
least one of the transition metal elements and X is at 
least one of the metalloid elements phosphorus, boron 
and carbon. 

6. An electromagnetic apparatus as recited 

in claim 1, and further comprising a segmented secondary 
winding. 

7. An electromagnetic apparatus as recited in 
claim 6, wherein said core comprises: 

a plurality of stacked torpids of coiled, 
uninsulated, magnetically permeable, strip material. 

8. An electromagnetic apparatus as recited in 

claim 6, further comprising: 

an annular spacer positioned atop said core 
and having a plurality of angularly spaced notches, 
said segmented winding being fitted into said notches. 



10 
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9. A method for building an electromagnetic 
apparatus comprising the steps of: 

(a) winding a plurality of layers of magnet- 
ically permeable strip material to form a magnetic core 
having an enclosed trunk defining a central opening; 

(b) winding a plurality of layers of elec- 
trically conductive material on said core, said layers 
passing through said central opening and encircling said 
trunk to form thereon a primary coil section? and 

(c) winding at least a second and a third 
primary coil section on said core, each primary coil 
section being formed of a plurality of layers of 
electrically conductive material passed through said 
central opening to encircle said trunk, and being 

15 circuiuferentially spaced about the periphery of said 
core . 

10. A method as recited in claim 9, including 

the steps of: 

(a) encircling said core with a plurality of 

20 cleft links, each of the cleft links having a U-shaped 
bottom portion containing two legs and a flat top 
portion; 

(b) spacing the cleft links circumferentially 
about the perimeter of said coil; and 

2 5 ( C ) interconnecting the top and bottom por- 

tions to join one leg of each link with the opposite 
leg of the next succeeding link. 
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